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Introduction 
 The winding road of being a distance runner is caused by the constant setbacks 
experienced due to injury. Being a competitive runner throughout my life and having the 
opportunity to run with so many people, I’ve seen some teammates suffer more injuries than 
others. Going into my final season as a collegiate athlete, I realized this would be my last year 
with access to athletic training staff to aid in any injury response and or recovery. This is what 
sparked the interest in searching for the answer to an optimal gait pattern.  From a young age, 
people are not instructed on the proper running form. Instead, people begin running and develop 
a unique habitual running pattern. This development in a habitual running pattern will likely be 
different than other people’s normal running form. This is because there are many different 
biomechanical variables that can be measured while running. This literature review aims to 
determine the optimal gait pattern within three of the many biomechanical variables. The 
variables of interest are cadence, foot strike pattern, and vertical oscillation. Each of these 
variables contribute to overuse injuries in some ways depending on how they are varied. Most of 
the studies used in this review investigate how these variables relate to loading rate as an indirect 
method in predicting injury rates. An increase in cadence, the number of steps per minute, has 
shown to decrease the lower extremity loading rate (Huang, Xia, Chen, Cheng, Cheung, Shull, 
2019). A forefoot strike has shown to decrease the lower extremity loading rate (Futrell, 
Jamison, Tenforde, Davis, 2018). Vertical oscillation, a variable not highly studied, is related to 
the distance off the ground an individual gets during each step of running. It appears that a lower 
vertical oscillation produces a lower loading rate on the legs, resulting in a decrease in injures 
(Adams, Pozzi, Willy, Carrol, Zeni, 2018). 
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 Over the last several decades, obesity rates in the United States have continued to 
increase from 13% in 1960 to 35% in 2015 (Hruby & Hu, 2015). Clearly, the health status of the 
humans around the world, and especially in the United States, has decreased drastically. Obesity 
has a direct relationship to developing life threatening chronic diseases. Because obesity is 
largely preventable, the health status of individuals throughout the world can be improved 
through multiple factors. One of these factors is engaging in regular exercise. Regular exercise, 
especially the guidelines of 150 min/week of moderate intensity or 75 min/week of vigorous 
intensity, has proven to be one of those important factors in living and promoting a healthy life 
(Swift, McGee, Earnest, Carlisle, Nygard, Johannsen, 2018). 
Research reveals that regular aerobic exercise has shown to decrease all-cause mortality 
rates. For every 1-MET increase in an individual’s VO2max, there is a 13-15% reduction in all-
cause mortality rates (Gries, Raue, Perkins, Lavin, Overstreet, D'Acquisto, Graham, Finch, 
Kaminsky, Trappe, Trappe, 2018). People who participate in regular physical activity are 
generally motivated by the health, performance, or emotional benefits they receive from it. Long 
distance running is one form of exercise when people think about the benefits of aerobic exercise 
on the cardiovascular system. Dr. Phil Maffetone’s formula, 180-age, will help people optimize 
their aerobic improvements. This formula, which has some exceptions and other criteria, helps 
determine what heart rate someone should maintain to maximize his or her aerobic function 
(Maffetone, Laursen, 2020).  People who are not consistent runners seldom develop injuries 
more than Medial Tibial Stress Syndrome, also known to the general public as “shin splints.” 
However, as repetition occurs and people start increasing the number of miles and or days per 
week they run, overuse and stress on the body often occurs. It is predicted that 79% of 
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recreational long distance runners develop some sort of injury that requires training adjustments 
(Lun, Meeuwisse, Stergiou, Stefanyshyn, 2004).   
This literature review is written to help decrease the injury rates that often accompany 
long distance runners. “Some injuries are caused by an accident but most are caused by overuse” 
(Tschopp, Brunner, Erkrankungen, Uberlastungsschaden, 2017). Many athletes may directly 
blame the specific training sequence for such injuries, believing they increased the intensity and 
quantity too rapidly. However, studies suggest that injuries are often related to the specific 
biomechanics of an individual while running. “Although the etiology of running injuries is 
multifactorial, landing hard has been shown to be an important factor” (Futrell et al., 2018). The 
ground reaction force is the force that results when an individual lands on a specific foot during 
his or her gait pattern. (Adams et al., 2018). The ground reaction force has a direct relationship to 
the risk of lower extremity overuse injuries (Hreljac, Marshall, Hume, 2000). There are many 
different variables that relate to an individual’s gait pattern while running. This literature review 
studies three variables specifically to determine how runners can decrease stress and load on 
their lower extremity while running. The question of study is to analyze how cadence, vertical 
oscillation, and foot strike affects overuse injuries. In order to evaluate the relationship of these 
three variables to injury rates, the ground reaction force and loading rate must be measured. This 
measurement, when high, indicates a higher risk of injury (Hreljac et al., 2000). This shows that 
changes in the biomechanics of running can reduce the stress on our bodies and therefore, reduce 
running related injuries. The idea behind this literature review is to help reduce the number of 
injuries among runners throughout the world. Seeing there is repetitive loading on the lower 
extremities during running, the main injuries runners experience are stress fractures, tendonitis, 
muscle strains, iliotibial band syndrome, plantar fasciitis, and shin splints (Tschopp et al., 2017). 
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These injuries can be attributed to multiple reasons; including irritation, inflammation, and 
overuse. This review would like to answer the question as to if changing biomechanical variables 
like cadence, vertical oscillation, and foot strike pattern can reduce injury rates. Each of these 
three variables were chosen because they are relatively easy to understand and manipulate. 
Cadence, the number of steps per minute of one foot, will usually fall between 150-190 steps per 
minute (SPM). Coaches and other professionals promote the idea of an ideal cadence being 170-
180 SPM. Foot strike pattern, which is the placement of the foot as it hits the ground, is highly 
dependent on the individual. A midfoot strike seems to be the general consensus for an optimal 
gait pattern between runners. Vertical oscillation, a variable people do not discuss very often, is 
the height an individual gets during each step while running. Because injuries commonly occur 
due to a higher ground reaction force, a lower vertical oscillation would make sense in order to 
decrease the force on the lower extremity. The purpose of this report is to review published 
studies to determine the optimal gait pattern for long distance runners.  
The strategy behind locating published studies related to the question of study was 
determined by using the PICO structure. The search database, PubMed, in The United States 
National Library of Medicine at the National Institutes of Health, was the sole database used to 
locate the research used to write this literature review. The Participants (P) included endurance 
runners, ranging from 17 to 56 years of age, who were not suffering any injuries at the onset of 
each study. For this study, endurance runners included individuals who ran a minimum of 10km 
per week for 6 months. Most of the participants averaged 30 kilometers per week for at least 3 
years.  The Intervention (I) included endurance running on treadmills in which the participants 
were instructed to either run their normal form or alter a certain biomechanical variable. The 
Comparisons (C) of the studies consider how high versus low cadence related to injury, how 
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high versus low vertical oscillation related to injury, and how rear foot versus forefoot striking 
related to injury. The Outcomes (O) of the studies focused either on lower extremity injuries as a 
whole, or specific lower extremities overuse injuries such as plantar fasciitis, tibial stress 
fractures, Iliotibial band syndrome, and more. The studies that were chosen have dates ranging 
from 2000 to 2019. The studies used in this literature review were found using the search term 
"running" or "runner" or "endurance" or "endurance running" and "injury" or "stress fracture" or 
"plantar fasciitis" or "break" and "cadence" or "step rate" and "foot strike" or "forefoot" or "rear 
foot" and "vertical loading" or "ground reaction force" or "vertical oscillation" of which yielded 
3118 results to be evaluated based on the question of study. Upon filtering only human 
specimens, only an English language, a free full text version, and a date range of 2000 to 2019, 
the number of results decreased to 402. The methodology behind choosing the studies for this 
systematic review were determined based on the PICO structure and the relevance of the 
research to the relationship of the variables to injury rate in runners.  
There were many different inclusion and exclusion criteria behind the process of picking 
out the final studies to be used for this literature review. An exclusion criteria, for example, 
included not using any studies that did not relate to the question of this review. Studies that 
focused on anything other than the three variables chosen for this systematic review were not 
considered. Any research that focused on outside factors, including the type of shoes, terrain, 
weather, and diet were not considered. These kinds of outside factors were excluded because 
they are difficult to control. For example, conducting this type of research outdoors could cause 
variation in a person’s gait pattern depending on the terrain and routes chosen to run. Diets and 
shoes as variables were excluded because these have high variability from person to person and 
would require constant monitoring to ensure compliance. The inclusion criteria focused on the 
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relevance of specific biomechanical variables in running and how they relate to lower extremity 
injuries. Studies that were published researching the effects of changing one variable or multiple 
variables and how it impacts the effect on one specific lower extremity overuse type of injury 
were included in the criteria for this review. Studies that explore how changing one or multiple 
variables and how it impacts the effect on any kind of lower extremity overuse type of injury 
were also included. The only variables considered in writing this review were cadence, vertical 
loading, and foot strike. The purpose of the studies used must evaluate at least one 
biomechanical variable and how it relates to some lower extremity overuse injury. Each study 
also researched endurance runners who ran a minimum of 10 kilometers per week for 6 months 
as the sole source of participants, ranging in ages from 17 to 56 years. Any studies that focused 
on other forms of exercise and its’ relationship to injury were not considered.  
The next factor for selection of the studies for this systematic review was assessing the 
quality of the research. In order to accurately answer the question of study is to examine the 
effects of the three variables (cadence, vertical ground force, and foot strike) on injury rates on 
subjects who are familiar with running. Therefore, any research involving subjects who were not 
consistent runners were not considered. Hreljac et al. (2000) and Futrell et al. (2018) did not 
specify the minimum number of days or miles per week each subject ran, but were clear enough 
to state they were consistent healthy runners. The other articles reviewed specified the subjects 
ran a minimum number of miles or days per week.  
Daoud, Geissler, Wang, Saretsky, Daoud, & Lieberman (2012) studied a collegiate cross 
country team between 2006 and 2011. These athletes were all following similar training plans 
under the same coach. The athletic trainers and physical therapists on staff were required to 
record any injury they evaluated, no matter the severity. Each subject was evaluated for his or 
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her biomechanics to compare and contrast the natural biomechanics with injury prevalence 
throughout the athlete’s careers. The data collected on the injuries were used to determine any 
relationship between foot strike pattern and injury prevalence. Doud et al. (2012) used 52 runners 
from the Harvard University Cross Country team to conduct this research.  
Allen et al. (2014) focused on the treatment aspect of injuries. Previous research has 
suggested that increasing cadence while running can help reduce injury rates. Allen (2014) used 
his physical therapy background to see if he could treat iliotibial band syndrome with cadence 
manipulation. This article was of importance to this literature review to see if it could potentially 
help treat injuries. All others used in this review were injury free during the time of study, and 
had for at least 3 months.  
All the studies used for this review, except for the research on the Harvard collegiate 
athletes, were carried out using a treadmill. Therefore, each participant must be capable and 
comfortable with running on treadmills. The specific brand and type of treadmill varied between 
each study. Each study also consisted of motion analysis cameras to evaluate the participants gait 
pattern before and during the gait modifications. The cameras were used to slow down the speed 
of the participants running to allow the researchers to analyze the biomechanical variables 
precisely. Within each study, a team of researchers helped evaluate the biomechanical variables 
for each participant. The equipment necessary to carry out the research is dependent on the 
variables of interest, with a treadmill and a camera being consistent throughout each study.  
The monitoring and evaluation of cadence was used with the help of a metronome. 
Subjects who were being evaluated based on their cadence would initially warm up at a 
comfortable and desired pace. The force measured during a comfortable cadence was measured 
using force plates and forth order, low pass filters. The monitoring and evaluation of foot strike 
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pattern was evaluated normally during a warm-up period. This was done using MatLab coding 
sequences through force plates and visual examinations. A slow-motion video was also used to 
evaluate whether someone was a habitual rear foot, mid foot, or forefoot striker. The monitoring 
and evaluation of vertical oscillation was started with a baseline measurement. This allows the 
researchers to investigate the difference in ground force reaction between low and normal 
vertical oscillation. In order to measure and monitor the vertical oscillation, the research 
investigators instructed the participants to “keep their body low to the ground” while running. 
Verbal feedback was given to the participants during the trials to ensure that the participants 
were giving accurate results. Further studies should be done to precisely measure this variable.  
 
Literature Review 
Of the 402 results based on the search criteria, a final of seven studies were narrowed 
down to use for this literature review. In total, 298 people participated in the included studies 
with an average of 37 subjects per study. The participants were men and women ranging from 
ages 17 to 57. Table 1 shows a brief outline of the studies used for this literature review. Huang, 
Xia, Chen, Cheng, Cheung, & Shull (2019), Chen, Wong, Wang, Lin, & Zhang (2019), and 
Futrell et al. (2018) used vertical average loading rate and vertical instantaneous loading rate as a 
prediction of injury rates. Daoud et al. (2012) used a long-term study researching the foot strike 
and recorded injuries in collegiate level distance runners. Huang et. al (2019), Futrell et al. 
(2018), and Adams et al. (2018) evaluated how changing cadence affects vertical average 
loading rate as a predictor of injury rates. Allen (2014) studied how manipulating cadence could 
be used as a treatment for Iliotibial Band Syndrome. Hreljac et al. (2000) considered the 
relationship between vertical loading rate and injury prevalence. These findings suggest that 
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runners who habitually have a lower impact force and average loading rate are at a reduced risk 
of injury. Adams et al. (2018) focused on vertical oscillation and cadence to see how these two 
variables relate to injury in long distance runners.  
 
 
Three articles reveal how foot strike relates to vertical average loading rates and vertical 
instantaneous loading rates. Huang et al. (2019) found a vertical average loading rate (VALR) of 
53.98 body weight per second (BW/s) and a vertical instantaneous loading rate (VILR) of 97.67 
BW/s for a rear foot strike. Huang et al. (2019) found a VALR of 31.27 BW/s and a VILR of 
81.33 BW/s for a forefoot strike. These results suggest a significant difference as the p value is 
below 0.05. Chen et al. (2019) did not investigate VILR, but found a VALR of 52.99 BW/s for a 
rear foot strike and a VALR of 28.9 BW/s for a forefoot strike. These values suggest a 
significant difference as the p value is below 0.01. Futrell et al. (2018) found a VALR of 57.49 
BW/s and VILR of 71.45 BW/s for a rear foot strike while finding a VALR of 36.36 BW/s and a 
VILR of 49.8 BW/s for a forefoot strike. These values suggest a significant difference as the p 
Author of Study Variables Studied 
Huang et al. 2019 Foot strike pattern, cadence
Chen et al. 2019 Foot strike pattern
Futrell et al. 2018 Foot strike pattern, cadence
Allen 2014 Cadence
Daoud et al. 2012 Foot strike pattern
Hreljac et al. 2000 Loading rate
Adams et al. 2018 Vertical Oscillation, cadence
The Studies and their Corresponding Variables of Interest
Table 1
Table 1 shows the studies used to gather data for this 
literature review and their corresponding variables of interest.
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value is below 0.005.  Each of these three studies show a significant difference between the 
vertical loading rates between a rear foot strike and a forefoot strike, with a forefoot strike 
resulting in a decreased loading rate.  
Author of Study VALR VILR VALR VILR P value
Huang et al. 2019 53.98 97.67 31.27 81.33 ≤0.05
Chen et al. 2019 52.99 N/A 28.9 N/A ≤0.01
Futrell et al. 2018 57.49 71.45 36.39 49.8 ≤0.005
Rear Foot Forefoot
Foot Strike Pattern and the Effect on Loading Rates
Table 2
Table 2 shows the results for the studies that analyze the difference in loading rates 
for a forefoot strike and a rear foot. VALR is the vertical average loading rate and 
VILR is the vertical instantaneous loading rate. Chen et al. 2019 did not consider the 
relationship between rear foot and forefoot strike for VILR. 
 
 
Daoud et al. (2012) studied the Harvard University cross-country team between August 
2006 and January 2011. During this time, the gait patterns were studied for each athlete 
participating in cross country. 52 athletes, male and female, were divided into habitual forefoot 
and habitual rear foot strike groups. The forefoot strike group consisted of 16 people while the 
rear foot strike group consisted of 36 people. Rather than studying the impact forces in real time 
on a treadmill, Daoud et al. (2012) questioned the injuries recorded by the athletic trainers and 
physical therapists on staff at Harvard over the 4 years. Each injury suffered by a member of the 
cross-country team was labeled as a mild, moderate, or severe. The severity of the injury was 
based on an equation that solves for a Running Injury Severity Score (RISS). The forefoot 
running group suffered an average of 1.25 mild injuries, 2.03 moderate injuries, and 2.97 severe 
injures per 10,000 miles of running. The rear foot group suffered an average of 3.19 mild 
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injuries, 4.96 moderate injuries, and 3.7 severe injuries per 10,000 miles of running. The 
relationship between forefoot and rear foot strike runners for mild and moderate injuries resulted 
in p values of 0.025 and 0.006, respectively. The relationship between forefoot and rear foot 
strike runners for severe injuries resulted in a p value of 0.54. Therefore, there is only a 
significant difference between the foot strike pattern for the mild and moderate injuries. There 
are no significant differences between the foot strike patterns for severe injuries. The average 
number of injuries for moderate and severe injuries combined was 5 in the forefoot strike group 
and 8.66 in the rear foot strike group per 10,000 miles of running. A comparison between the 
strike type and the moderate and severe injuries combined resulted in a p value of 0.037. This 
suggests a significant difference in the strike pattern relationship to moderate and severe injuries 
combined. Table 3 gives an overview of the results in Daoud et al. (2012).   
 
 
 
 
 
 
 
 
 
 
 
Table3
The Relationship of Foot Strike and Injuries per 10,000 Miles
Injury Severity FFS RFS P value
Mild 1.25 3.19 0.025
Moderate 2.03 4.96 0.006
Severe 2.97 3.7 0.54
Moderate and Severe 5 8.66 0.037
Table 3 shows the results of the Daoud et al. 2012 study. Each 
participant was admitted into the forefoot strike group (FFS) or the rear 
foot strike group (RFS) A mild injury is classified as an injury that is less 
and or equal to 10 on the Running Injury Severity Score (RISS). A 
moderate injury is classified as an injury that is 11-70 on the RISS and a 
severe injury is classified as anything over 70. Each number of injuries is 
the number of average injuries suffered per 10,000 miles run. 
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Four of the studies used for this literature review examined cadence as an important 
biomechanical variable in injury rates. Huang et al. (2019) had a decrease of 8% in the VALR 
during the increased cadence intervention. Adams et al. (2018) had a decrease of 21.2% in the 
VALR during the increased cadence intervention. Both studies had a p value below 0.05, 
suggesting a significant difference between a normal cadence and an increased cadence in 
distance runners. Futrell et al. (2018) analyzed cadence in injured and injury free runners. His 
study was different from the others in that it didn’t include an intervention in cadence for the 
participants. The study evaluated runner’s baseline cadence and the corresponding VALR and 
used that for the data. His results showed no correlation between cadence and VALR. 
 
 
Allen (2014) also studied how cadence relates to injury rates, but used step rate 
manipulation as a treatment method for a pre-existing iliotibial band syndrome (ITBS). The 
study only used one participant, focusing on a 36-year-old female runner with left knee ITBS. 
Her baseline cadence was 168 steps/minute. Before the intervention, she could run three miles 
before she experienced pain in her left knee. The treatment method used a 5% increase in 
cadence (176 steps/min) and a home exercise program that included stretching and strengthening 
Author of Study
Huang et al. 2019
Futrell et al. 2018
Adams et al. 2018
Cadence Manipulation from Baseline to Increase on VALR
Table 4
21.20%
No change
8.00%
VALR Change P value
≤0.05
>0.05
≤0.05
Table 4 shows the studies that questioned how cadence affects VALR 
change. A bold p value indicates there is a significant difference between 
a baseline cadence and an increased cadence for the VALR.
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of the left leg. She was instructed to run 1-2 miles, 3 times a week initially. She was instructed to 
use a metronome set to 176spm during her runs until she felt confident in her ability to keep that 
cadence. After four and six weeks of her intervention, she was able to run 3.5 and 7 miles 
without pain, respectively. During each visit back, her running was evaluated to make sure she 
could establish a 176spm run. At the beginning of the study, she completed a Lower Extremity 
Functional Scale that evaluated the functional status of her left leg. She scored a 71/80, with 
80/80 representing maximum function. Four months later, during the follow up visit, she scored 
an 80/80. 
 
 
Adams et al. (2018) studied the effects of vertical oscillation on the vertical average and 
instantaneous loading rates. The amount of vertical oscillation decreased by 21.7% during the 
low oscillation intervention. VALR decreased by 33.4% during a low oscillation intervention.  
VILR decreased by 25.6% during a low oscillation intervention. Both decreases in loading rates 
represents a significant difference of less than 0.05.  
Weeks Miles until pain LEFS score
1 3 71/80
4 3.5 N/A
6 7 N/A
16 13.1 80/80
Cadence
Table 5
Step Rate Manipulation in Iliotibial Band Syndrome Treatment
176 (intervention)
176 (intervention)
168spm (baseline)
176 (intervention)
Table 5 shows the results of Allen 2014, which examined the effects of 
using step rate manipulation as a treatment method for iliotibial band 
syndrome. Lower Extremity Functional Scale scores were only 
evaluated during the initial visit and the four month follow up visit. 
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 To summarize, Huang et al. (2019, Chen et al. (2019), Daoud et al. (2012), and Futrell et 
al. (2018) each found significant differences in loading rates between a forefoot strike and a rear 
foot strike. Huang et al (2019) and Adams et al. (2018) both found significant differences in the 
loading rate between the habitual cadence and an increase in cadence by 10%. Futrell et al. 
(2018) did not find significant differences in cadence loading rates between runners. Allen 
(2014) results were not statistically significant. This may be because he only examined one 
participant. Adams et al. (2018) found significant differences in the loading rates between a 
normal vertical oscillation and a reduced vertical oscillation.  
 
Conclusion 
The studies used for this literature review were reviewed to analyze the effects of three 
different biomechanical variables on injury rates. Studying actual injury rates can be difficult as 
it can be a waiting game for the injuries to occur. Therefore, an indirect method has been used to 
predict injury rates due to the amount of force an individual produces during each step while 
running. Vertical average loading rate (VALR) and vertical instantaneous loading rate (VILR) 
are measured using a force plate on a treadmill. The force produced on the force plate is directly 
related to the amount of stress placed on the lower extremities. Because the lower extremities are 
the most common sites of injury in long distance runners, this review was aimed towards 
determining what variables might cause stress related injuries.  
This review suggests that extra stress on the lower extremities may predict injury rates. In 
explaining the results of the study, each study investigates the relationship from a slightly 
different perspective. For example, Chen et al. (2019) examined the relationship between foot 
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strike pattern and injury rates, while Daoud et al. (2012) considered how many injuries occurred 
within each foot strike group over 4 years. 
The results of the studies indicate that cadence has a direct effect on VALR. Therefore, 
cadence manipulation may predict the prevalence of injuries in long distance runners. Although 
there are many factors that can also affect injuries in distance runners, cadence appears to have a 
direct relationship in lower extremity stress. Of the three studies analyzing cadence and its effect 
on loading rate used for this review, two of them recorded a p value of below 0.05, indicating a 
significant difference between cadence and injury rates. The other study, Futrell et al. (2018), 
explored how cadence in different people affects loading rate. Studies by Huang et al. (2019) and 
Adams et al. (2019) involve cadence manipulation in each participant, while Futrell et al. (2018) 
did not involve any cadence manipulation. Therefore, a baseline measurement and a 
manipulation measurement were compared for each individual in the studies. They found that 
when a faster cadence was used, the VALR was significantly lower. However, Futrell et al. 
(2018) involved no cadence manipulation. This study showed no correlation between cadence 
and injury rates. However, this should not be a determining factor because it is unknown how 
cadence manipulation might have affected the individuals themselves. Because all athletes are 
different and there are so many other variables that can be involved with injuries, it is important 
to have a baseline for each person and a treatment method for each person. Allen (2014) also 
examined cadence as a biomechanical variable in injury rates, but observed how cadence 
manipulation might help in the treatment aspect of already existing injuries. The results of his 
study, despite there being no statistical significance, indicated that step rate manipulation might 
have an impact on the treatment of stress related injuries. The results show that an increase in 
cadence helped the participant return to running for a longer duration without pain which may be 
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valuable in the treatment of distal iliotibial band syndrome. The participant initially started the 
study with being able to run only 3 miles without pain. Throughout the study, with strengthening 
exercises and cadence manipulation, the participant was able to return to running 13.1 miles pain 
free. Therefore, the study suggests that an increase in cadence may help in the treatment of 
iliotibial band syndrome. However, because the physical therapist responsible for this study also 
used strengthening exercises within the treatment, it can be difficult to determine the source 
behind why the individual recovered from the injury. Despite this article potentially showing bias 
due to a physical therapist choosing the study, it is also clear that an increase in cadence does not 
appear to have any adverse effects. Further research is necessary to see if cadence truly impacts 
the treatment of overuse running related injuries. Of the three studies researching how cadence 
effects VALR, none showed an increase in cadence resulted in a higher prevalence of injuries. 
Because Futrell et al. (2018) did not analyze manipulation in cadence for each individual, it 
cannot be a significant factor in determining the optimal gait pattern in distance runners. The 
articles researching cadence as a biomechanical factor indicated that an increase in cadence 
results in decreased loading rates in the lower extremities. These results suggest that increasing 
cadence in long distance runners may not increase injuries. It is unknown how increasing 
cadence in a runner who already has a high cadence (above 190) would affect the vertical 
average loading rate. Further studies are needed to claim that loading rates are always decreased 
when cadence is increased, but for runners who have a cadence below 175 steps per minute, an 
increase in cadence will result in a reduced lower extremity loading rate.  
 Foot strike pattern is another important biomechanical variable in long distance runners. 
The three types of foot strikes include a rear foot strike, a mid-foot strike, and a forefoot strike. 
For the sake of simplicity, this review combines mid-foot strike and forefoot strike into one 
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category. Therefore, the comparison for this aspect of the study is between a rear foot strike and 
a forefoot strike (mid-foot and forefoot strike). Huang et al. (2019), Chen et al. (2019), and 
Futrell et al. (2018) each determined that there is a significant relationship between foot strike 
pattern and injury rates. These three studies, each resulting in a p value of below 0.05, indicated 
that a rear foot heal strike can be a direct cause in lower extremity stress related injuries. Each of 
these studies indicate that a forefoot strike pattern results in a lower VALR and therefore, a 
lower rate of injuries. Daoud et al. (2012) studied how foot strike patterns affect injury rates in 
collegiate long distance runners. This study was different in that it did not consider the effects of 
the VALR or VILR, but rather it analyzed the actual prevalence of injuries in the participants.  
Throughout the years of 2006 and 2011 it was found that rear foot strikers had a statistically 
significant higher rate of mild and moderate injuries. The prevalence of severe injuries; however, 
indicate that there is no correlation between foot strike pattern and severe injuries. Even though 
there were a lower number of average severe injuries per 10,000 miles run, current evidence does 
not reveal statistical significance. Further research is warranted. However, based on the four 
investigations examining foot strike pattern, it appears that a forefoot strike pattern is ideal 
compared to a rear foot strike pattern in preventing lower extremity injuries in long distance 
runners.  
The last biomechanical variable used for this review is vertical oscillation. Vertical 
oscillation refers to the height that a participant gets during each step of running. The idea behind 
this is that when an individual has a higher vertical oscillation per step, the VALR will increase. 
In this case, the injury rate would also increase. Adams et al. (2018) studied the effects of 
vertical oscillation on the VALR and the VILR, finding that as the vertical oscillation increases, 
so does the loading rate. His findings indicate a significant difference between vertical oscillation 
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and injury rates. Moore (2016) also studied vertical oscillation--and found that a lower vertical 
oscillation generally results in a lower VO2. This most likely occurs because a lower vertical 
oscillation may not require as much energy input to push off the ground. A higher vertical 
oscillation requires someone to expend more energy to get him or herself further off the ground 
which would result in a higher VO2. VO2 is a measure of oxygen consumption, the higher the 
energy expenditure the oxygen that is consumed. There have not been enough studies reviewing 
vertical oscillation conclude the effects on VALR, VILR, and injury rates, but it suggests a 
relationship based on the studies used for this review. A lower vertical oscillation would 
theoretically make sense to reduce impact force as the individual would fall from a lower height. 
This should result in a lower impact force, reducing the number of injuries seen. However, it 
cannot be concluded that a lower vertical oscillation would be significantly beneficial in order to 
reduce loading rates and injury.  
The purpose of this study was to examine cadence, foot strike pattern, and vertical 
oscillation, and how these variables affect injury rates in long distance runners. The studies used 
in this literature review show that an increase in cadence reduces the VALR and VILR, 
indicating a reduction in injury rates. The optimal foot strike pattern appears to be a forefoot 
strike, as it produces less force on the lower extremities. Despite an initial study suggesting that a 
lower vertical oscillation reduces loading rates, it cannot be concluded that this is accurate across 
all spectrums. Therefore, further studies are needed to make any conclusion about the vertical 
oscillation in long distance runners.  
This research study was particularly interesting for me as a competitive runner because it 
gave me a new perspective on how important gait pattern is on the loading of the lower 
extremities. Since some collegiate distance runners routinely suffer from stress related injuries, I 
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decided to see if certain biomechanical variables related to higher and or lower injuries rates. I 
have learned that higher cadence, forefoot strike, and lower vertical oscillation can result in 
decreased loading. As an individual who has a high cadence and a forefoot strike, it is 
understandable that I have experienced less injuries than those who have a low cadence and or 
rear foot strike. Cadence and foot strike patterns are two easy variables to measure, giving me the 
ability to assess friend’s, family’s, and teammate’s gait pattern. I will use this information to help 
alter people’s running form to reduce the potential injury rates. As a future clinician, this 
information will help determine potential causes for certain injuries that are presented to me. 
Because running is so individualized, I will never conclude that a gait pattern is the sole source 
of injury. However, I will understand that these variables can play a role in injury rates. There 
might not be a universal pattern that works for every patient, but this research and information 
can determine how I respond to and treat certain stress related injuries in my future career.  
 
 
 
 
 
 
 
 
 
 
 
Stricklen 21 
References 
Adams, D., Pozzi, F., Willy, R. W., Carrol, A., & Zeni, J. (2018). Altering cadence or vertical 
 oscillation during running: Effects on running related injury factors. International 
 Journal of Sports Physical Therapy, 13(4), 633–642. 
Allen D. J. (2014). Treatment of distal iliotibial band syndrome in a long distance runner with 
 gait re-training emphasizing step rate manipulation. International Journal of Sports 
 Physical Therapy, 9(2), 222–231. 
Chen, T. L., Wong, D. W., Wang, Y., Lin, J., & Zhang, M. (2019).  Foot arch deformation and 
 plantar fascia loading during running with rear foot strike and forefoot strike: A dynamic 
 finite element analysis. Journal of Biomechanics, 83, 260-272. 
Daoud, A., Geissler, G., Wang, F., Saretsky, J., Daoud, Y., & Lieberman, D. (2012). Foot strike  
 and injury rates in endurance runners: A retrospective study. Medicine & Science in 
 Sports & Exercise, 44(7), 1325-1334. 
Futrell, E., Jamison, S., Tenforde, A., & Davis, I. (2018). Relationships between habitual 
 cadence, footstrike, and vertical loading rates in runners. Medicine & Science in Sports & 
 Exercise, 50(9), 1837-1841. 
Gries, K. J., Raue, U., Perkins, R. K., Lavin, K. M., Overstreet, B. S., D'Acquisto, L. J., Graham, 
 B., Finch, W. H., Kaminsky, L. A., Trappe, T. A., & Trappe, S. (2018). Cardiovascular 
 and skeletal muscle health with lifelong exercise. Journal of Applied Physiology, 125(5), 
 1636–1645.   
Hreljac, A., Marshall, R., & Hume, P. (2000). Evaluation of lower extremity overuse injury 
 potential in runners. Medicine & Science in Sports & Exercise, 32(9), 1635-1641. 
Stricklen 22 
Hruby, A., & Hu, F. B. (2015). The epidemiology of obesity: A big 
 picture. PharmacoEconomics, 33(7), 673–689. 
Huang, Y., Xia, H., Chen, G., Cheng, S., Cheung, R., & Shull, P. (2019). Foot strike pattern, step 
 rate, and trunk posture combined gait modifications to reduce impact loading during 
 running. Journal of Biomechanics, 86, 102-109. 
Lun, V., Meeuwisse, W. H., Stergiou, P., & Stefanyshyn, D. (2004). Relation between running 
 injury and static lower limb alignment in recreational runners. British Journal of Sports 
 Medicine, 38(5), 576–580.  
Maffetone, P., & Laursen, P. B. (2020). Maximum aerobic function: Clinical relevance, 
 physiological underpinnings, and practical application. Frontiers in Physiology, 11. 
Moore I. S. (2016). Is there an economical running technique? A review of modifiable 
 biomechanical factors affecting running economy. Sports Medicine (Auckland, 
 N.Z.), 46(6), 793–807.  
 Swift, D., McGee, J., Earnest, C., Carlisle, E., Nygard, M., & Johannsen, N. (2018). The effects 
 of exercise and physical activity on weight loss and maintenance. Progress in 
 Cardiovascular Diseases, 61(2), 206-213.  
Tschopp, M., & Brunner, F. (2017). Diseases and overload damage to the lower extremity in 
 long-distance runners. Z Rheumatol, 76, 443–450. 
 
 
 
 
